A new species of Streptococcus, Streptococcus intestinalis, which accounted for 50% or more of the bacterial population in the colons of pigs and was also isolated from pig feces, is described. Isolates of S. intestinalis were anaerobic to aerotolerant, nonmotile, nonsporing, gram-positive cocci. All strains were P-hemolytic and hydrolyzed urea. Ammonia did not serve as a sole nitrogen source for S. intestinalis, nor did the addition of ammonia to the culture medium affect urease activity. Of 130 strains tested, 29 reacted with rabbit antiserum prepared against Lancefield group G streptococci. The remaining strains did not react with any Lancefield group antiserum. The guanine-plus-cytosine content of the deoxyribonucleic acid ranged from 39 to 40 mol% .
Production of ammonia from urea by bacteria of the large bowel is an important aspect of nitrogen metabolism in animals (34). However, our knowledge concerning the identity and ecology of the ureolytic bacteria and concerning the physiology of urease production is limited. During studies of the gastrointestinal flora of pigs, we isolated a number of ureolytic streptococci (25) . These organisms were the predominant bacteria isolated from the colons of healthy pigs in Iowa. We also report here that similar ureolytic streptococci were isolated as members of the predominant flora in pig feces in Nebraska and Virginia. These ureolytic streptococci differ from any currently recognized species. Therefore, we propose the establishment of a new species, Streptococcus intestinalis.
MATERIALS AND METHODS
Bacterial strains. Of the 130 ureolytic streptococci in this study, 123 strains, including the type strain (76-84-l), were isolated in a previous study aimed at characterizing the predominant bacteria from the colons of normal pigs and pigs with experimentally induced swine dysentery (25) . are representative of the ureolytic streptococci isolated from pig feces in Nebraska (33). Strains P22-2, P22-9, P49-4, P49-31, and P50-4 were isolated in Virginia from pig feces (19) .
Culture technique, media, and biochemical tests. The methods used for culture and biochemical characterization of strains have been described previously (24) . The composition of the anaerobic basal medium (MVVA medium) used to determine the effects of various nitrogen sources on growth and urease activity was modified from that of John et al. (12) . MVVA medium contained 5% mineral 3,0.31% volatile fatty acid mixture, 1% vitamin solution, 0.4% Na2C03, 0.05% cysteine hydrochloride, and a CO, gas phase. Glucose and various nitrogen sources were added to MVVA medium as indicated below. Hemin, methionine, and agar were deleted. Growth was measured as optical density at 600 nm by using tubes (diameter, 18 mm) and a Spectronic 70 colorimeter (Bausch & Lomb, Inc., Rochester, N.Y.) . Urea was steril-* Corresponding author. ized by filtration. Other compounds were sterilized by autoclaving. Urease in cells was determined by measuring the amount of ammonia produced from urea (31). The tests for ammonia in broth cultures were performed as described by Wozny &t al. (36) . Protein concentrations were determined by a modification of the method of Lowry et al. (22) . A polyacrylamide slab gel electrophoresis procedure (18) was used to compare cellular proteins from bacterial isolates. Standard methods (30) were used for the following tests: survival at 60°C for 30 min; growth at 10 and 45°C; growth at pH 9.6; growth with 6.5% NaCl; growth in esculin-bile (40%); and reduction of tetrazolium and methylene blue. Antigens from strains of streptococci grown on MPYG broth were prepared as described previously (24) . All strains were tested for group-specific antigens (Lancefield groups A through H, K through Q, T, and U) by an agarose gel slide double-diffusion precipitin test (29). Strains were also tested for group-specific antigens (groups A, B, C, F, and G) with a Sero-STAT Streptococcus latex test kit (Scott Laboratories, Inc., Fiskeville, R.I.).
The guanine-plus-cytosine content of deoxyribonucleic acid (DNA) was determined by the method of Marmur and Doty from thermal melting data (16), and DNA homology values were determined by using the S l nuclease procedure (13).
Hemolytic activity was determined on plates of brain heart infusion agar (BBL Microbiology Systems, Cockeysville, Md.) supplemented with 5% defibrinated sheep blood. Plates were incubated at 37°C either aerobically or in anaerobic jars containing C02.
RESULTS AND DISCUSSION
Ureolytic streptococci were identified as the predominant constituents of the colonic or fecal microflora of pigs raised in Iowa, Nebraska, and Virginia. All of the 130 isolates were similar to one another based on numerous tests (Table l) , including comparisons of polyacrylamide gel electrophoresis patterns of soluble proteins from representative strains (Fig.  1) . The protein patterns of type strains of species of Enterococcus (Fig. 1, lanes 1 through 9) are quite different from those of strains of S. intestinalis (lanes 10 through 18) and preclude any confusion among these organisms. The two (11, 20) . All strains were positive for the following characteristics: survival at 60°C for 30 min; hydrolysis of esculin; acid produced from n-cellobiose, fructose, D-galactose, D-glucose, maltose, D-mannose, salicin, a.nd sucrose. All strains were negative for hydrolysis of gelatin, hippurate, tetrazolium reduction, and acid production from glycerol and sorbitol.
Of 130 strains, 29 were Lancefield group G; the remainder were untypealble. S: +, Positive reaction; -, negative reaction.
Nebraska strains (L.10, L.ll) appear to be nearly identical to Iowa strains (L.12, L.13). The patterns for the five Virginia strains (L.14, L.15, L.16, L.17, L.18) had additional bands at 4.25 cm. The DNA hybridization studies showed that the DNAs from Virginia strains P22-2, P22-9, and P50-4 were 96, 92, and 85% homologous, respectively, with DNA from S. intestinalis 76-84-lT (T = type strain). These results demonstrate that these ureolytic strains constitute a homogeneous taxon that is common in pigs from widely separated geographical locations.
Because of the diversity in the taxonomy of the streptococci, they are separated in Bergey's Manual of Systematic Bacteriology, vol. 2 (ll), into very broad groups (pyogenic, oral, enterococci, lactic, anaerobic, and others). Although the groups are admittedly artificial and, in most cases, have no strict taxonomic validity, they provide a convenient framework within which to describe various aspects of the organisms. When this system is used, the ureolytic streptococci in this study should apparently be placed in the group "other streptococci." S. intestinalis differs from other species of streptococci described previously (11) in that (i) the pyogenic streptococci do not grow at 45°C and do not hydrolyze arginine (Streptococcus iniae was not tested for growth at 45"C, but differed from S . intestinalis in that it grew at 10°C [26]); (ii) the oral streptococci (11) ferment lactose and are not p-hemolytic (also, except for Streptococcus salivarius, Streptococcus sanguis, and Streptococcus oralis, they do not hydrolyze urea); (iii) the enterococcus species (20) are all Lancefield group D or Q, ferment glycerol, lactose, and mannitol and grow at 10°C; and (iv) the lactic acid streptococci (21), including Streptococcus garviae (6), grow at 10°C but not at 45"C, are non-or ahemolytic, and belong to Lancefield group N. Among the streptococci belonging to the group other streptococci (lo), none is P-hemolytic. Other characteristics which differentiate strains of S. intestinalis from Streptococcus bovis and Enterococcus faecium , organisms frequently isolated from swine, are summarized in Table 1 .
Opinions have differed among previous workers (2 , 9, 10, 17) 1 through 9, Enterococcus species (E. faecalis  ATCC 19433*, E. avium ATCC 14025T, E . casselijlavus ATCC 25788T, E. duruns ATCC 19432T, E. faeciurn ATCC 19434=, E. gallinarum  ATCC 35038T, E . hirae ATCC 8043*, E. malodoratus NC70846T, E. rnundtii ATCC 43186T). Lanes 10 through 18, S. intestinalis strains (lanes  10 and 11, Nebraska strains; lanes 12 and 13, Iowa strains; lanes 14 through 18, Virginia strains) VOL. 38, 1988 STREPTOCOCCUS INTESTINALIS SP. NOV. 247 Streptococcus isolated from the intestines or feces of pigs. Many of the streptococci frequently recovered had characteristics that are commonly attributed to group D streptococci or to species of Enterococcus and are different from those of S. intestinalis. There are few reports of ureolytic streptococci being obtained from the gastrointestinal tracts or feces of swine. Although streptococci were among the predominant bacteria recovered from the large intestines and feces of pigs by Russell (27) and Salanitro et al. (28) , they were not examined for urease activity. Raibaud et al. (23) described 100 strains of ureolytic streptococci isolated from the alimentary tracts and feces of pigs. All of the strains reacted with Lancefield group D antisera and were similar to S . bovis in most of their physiological and biochemical characteristics.
Streptococci belonging to Lancefield group G (15) form a heterogeneous collection of organisms (8) . Of the 130 strains of S . intestinalis which we examined, only 29 reacted with Lancefield group G antisera; thus, this serological method does not adequately group strains that are so similar that we consider them members of the same species. S. intestinalis differs from other P-hemolytic group G streptococci, such as Streptococcus canis strains isolated from dogs and cows (8), in that the latter hydrolyze arginine and ferment lactose and glycerol. Also, DNA-DNA homology studies (16) indicate that S. canis belongs to the pyogenic streptococcus group.
S . bovis (35) and several oral streptococci (3) (4) (5) are apparently unique among streptococci in that ammonia can serve as a sole nitrogen source. With strain 76-84-lT of S . intestinalis in this study, good growth was obtained with either Bacto-Peptone (Difco Laboratories, Detroit, Mich.), Trypticase, enzymatically hydrolyzed casein, or yeast extract as the nitrogen source. Limited growth was obtained with acid-hydrolyzed casein, but neither ammonia nor urea could serve as a sole nitrogen source. Urea is not essential for survival of the bacterium. AIthough urea is hydrolyzed by S . intestinalis, the physiological reasons for this activity are not apparent since ammonia does not appear to be an important nitrogen source for these ureolytic streptococci. There was no apparent difference in urease activity or growth of strain 76-84-lT when ammonium chloride (1 to 20 mM) was added to a culture medium that contained less Trypticase (0.01%) than needed for optimal growth. Thus, S . intestinalis differs from most ureolytic bacteria, but resembles the ureolytic strains of E. faecium isolated by Cook (7) from the rumina of sheep in that urease production is not repressed by high concentrations of ammonia. However, there was an inverse relationship between the specific activity of urease in cells and the amount of Trypticase in the culture medium. For example, varying the Trypticase concentration from 0.05 to 0.5% resulted in increased growth from 0.29 optical density units at 0.05% to 1.00 optical density units at 0.5%, while the urease specific activity decreased from 0.48 to 0.21 pmol of ammonia per rng of cellular protein.
We previously reported that 7 of the 123 strains :)f S. intestinalis isolated from the colons of pigs did not hydrolyze urea (25) . However, when the nitrogen sources i n the test medium (32) were reduced from 0.05% yeast exrract and 0.05% Trypticase to 0.01% yeast extract and 0.01% Trypticase, urease was detected in cultures of each of these seven isolates. Thus, urease production by some S . intestinalis strains is very low or undetected during growth in media that contain high levels of complex nitrogen sources, while other strains readily produce urease under these conditions. Although urease produced by S . intestinalis is regulated by culture conditions, the capacity to produce the enzyme appears to be a stable property. Attempts to cure cells of their ability to produce urease with dodecyl sulfate (0.005%) or ethidium bromide (5.0 x lo-' M) and thus to demonstrate that the activity is controlled by a plasmid were unsuccessful. The biological and ecological significance of the urease present in these bacteria is not yet known. Streptococcus intestinatis sp. nov. Streptococcus intestinalis sp. nov. (in.test.in.al'is. M.L. adj . intestinalis, pertaining to the intestine). Isolates designated S . intestinalis are aerotolerant, nonmotile, nonsporing, gram-positive cocci that occur in long chains. Cells are often elongated, and cells of unequal size are found in pairs. Colonies from growth on brain heart infusion agar supplemented with 5% sheep blood are pinpoint to 1 mm in diameter, circular, entire, flat to convex, and translucent. Colonies on rumen fluid-based anaerobic roll tube medium (1) are 1 to 2 mm in diameter, circular, entire, low convex, and white. A precipitate is formed in broth cultures. S . intestinalis is fermentative, producing mainly lactic acid from glucose. D-Cellobiose, D-fructose, galactose, maltose, D-mannose, salicin, and sucrose are fermented. D-Arabinose, glycerol, lactose, mannitol, raffinose, ribose, sorbitol, trehalose, and D-xylose are not fermented. Urea and esculin are hydrolyzed, but casein, gelatin, hippurate, and starch are not hydrolyzed. The optimum temperature for growth is 37°C. Growth occurs at 45"C, but not at pH 9.6, in 40% bile, or in 6.5% NaCl. Cultures survive heating at 60°C for 30 min. Strains are P-hemolytic and catalase negative, The hemolytic zones surrounding colonies are much more closely defined on aerobic plates than on plates incubated anaerobically. The strains which have been tested are inhibited by penicillin (2 Ulml), erythromycin (3 pg/ml), rifampin (0.5 pg/ml), and vancomycin (3 kg/ml). Antigens extracted from 29 of 123 Iowa strains react with group G antisera. The remaining Iowa strains do not react with any Lancefield group antisera. None of the Nebraska strains or Virginia strains reacts with any of the Lancefield antisera. The DNA base composition is 39 to 40 mol% guanine plus cytosine. The habitat is the intestines and feces of pigs.
The type strain, strain 76-84-1 (= ATCC 43492), was isolated from the contents of the colon of a pig in Iowa. The guanine-plus-cytosine content of the DNA is 39 mol%, as determined by the thermal denaturation method. Strain 76-84-lT has all the properties given above for the species. In addition, this strain readily produces urease when it is grown in a medium that contains high levels of complex nitrogen. Extracted antigens from this strain react with group G antiserum.
